A Longitudinal Study of Lottery Winners and Their Health-Care Demand t e re n c e c . c h e n g j oa n c o s ta -f o n t nat tav u d h p ow dt hav e e A B S T R A CT We exploit lottery wins to investigate the effects of exogenous changes to individuals' income on the utilization of health-care services, and the choice between private and public health care in the United Kingdom. Our empirical strategy focuses on lottery winners in an individual fixed-effects framework and hence the variation of winnings arises from within-individual differences in small versus large winnings. The results indicate that lottery winners with larger wins are more likely to choose private health services than public health services from the National Health Service. The positive effect of wins on the choice of private care is driven largely by winners with medium to large winnings (win category > £500 [or US$750]; mean = £1,922.5 [US$2,893.5], median = £1,058.2 [US$1,592.7]). There is some evidence that the effect of winnings vary by whether individuals have private health insurance. We also find weak evidence that large winners are more likely to take up private medical insurance. Large winners are also more likely to drop private insurance coverage between approximately 9 and 10 months earlier than smaller winners, possibly after their winnings have been exhausted. Our estimates for the lottery income elasticities for public health care (relative to no care) are very small and are not statistically distinguishable from zero; those of private health care range from 0 to 0.26 for most of the health services considered, and 0.82 for cervical smear.
I. Introduction
A substantial empirical literature has emerged on the relationship between income and health-care demand following the seminal work by Grossman (1972) . The interest stems from an attempt to understand the determinants of health expenditure and its share of household or national incomes. A fundamental question is the nature of health care as an economic good: the expectation that health spending would increase disproportionately more as income increases if health care is a luxury good, and disproportionately less if it is a normal good. Numerous studies have examined this question by quantifying the Lottery Winners and Their Health-Care Demand // c h e n g et a l .
income elasticity of health care (e.g., Gerdtham and Jönsson 2000; Getzen 2000; CostaFont, Gemmill, and Rubert 2011) .
However, the empirical evidence remains subject to criticism. A main critique of the existing econometric work is that the estimates of the income-health spending relationship are not causal, because most studies are based on simple correlations between income, health expenditure, and health-care use. The assumption that income is exogenous is likely to be violated as the income-health expenditure nexus is filtered by a variety of confounding effects. For example, the demand for health care is associated with health behaviors (e.g., smoking, exercise), which are affected by education, cognitive ability, and health knowledge (Cutler and Lleras-Muney 2010) . These attributes are also correlated with income. Further endogeneity issues potentially arise when current income is used as a measure of household resources, because individuals in poor health may be less likely to participate actively in the labor market, but at the same time consume more health care. Omitted factors such as noncognitive skills can further compound the endogeneity problem, for example, if individuals with higher perceived sense of control are more likely to seek health-care services and earn higher incomes (Cobb-Clark, Kassenboehmer, and Schurer 2014) .
A second critique is that the literature has largely been silent on the role of healthcare heterogeneity. Existing studies do not distinguish between preventive and curative health services, or between health care from the public and private sectors. It might be expected that the relationship between income and the demand for preventive care would be different from that of curative care. Preventive care is conceptualized as a human capital investment and is strongly influenced by education and income (Kenkel 2000; Wu 2003) . Curative care behavior, in contrast, is driven by immediate need rather than choice, and hence income is less likely to be important. This is particularly true for public health systems where monetary barriers on access to health care, in principle, should not exist. However, access to health care in the private sector should be significantly determined by income, as with any other normal good.
This study addresses both issues simultaneously. First, to create a setting as close as possible to the idealized laboratory experiment, we use data of lottery winners to estimate the effect of income on the utilization of health-care services in the United Kingdom, a country where 50 percent of the population play the lottery. Our empirical strategy focuses on lottery winners in an individual fixed-effects framework and hence the variation of winnings arises from within-individual differences in small versus large winnings. This is similar to the testing strategy in Gardner and Oswald (2007) and Apouey and Clark (2015) , who use the British Household Panel Survey (BHPS) to study the effect of lottery wins on mental and physical health.
Our study contributes to the literature by investigating the effect of exogenous income on health-care use in an institutional context where a private health sector coexists alongside a National Health System, and is often intermediated by private insurance schemes. In these health systems, a windfall of income might simply lead individuals to switch from publicly funded health care to private health care. Our sample of lottery winners have received an average win amount of £157 (or US$236)-while these are not the large wins that dramatically change people's lives, such wins are sufficient to cover the cost of a private medical specialist visit (£200, US$300), a private dentist (£80, US$120), or the premiums for private medical insurance (£30 monthly, US$45) for a year.
Our paper complements a handful of related studies. A very recent paper by Cesarini et al. (2016) uses administrative data on lottery players in Sweden and finds that lottery wealth affects neither mortality nor health-care utilization. Earlier evidence by Lindahl (2005) of a sample of Swedish lottery winners finds that winning the lottery improves general health status and reduces the probability of dying.
1 A handful of studies from the United States employ a variety of strategies to estimate causal effects of income on healthcare expenditures. For example, Acemoglu, Finkelstein, and Notowidigdo (2013) use oil price shocks and variations in the dependency of economic subregions on oil to estimate the income elasticity of hospital spending. Three other studies exploit the Social Security benefit notch as a source of exogenous variation in incomes of senior citizens on prescription drug use (Moran and Simon 2006) , long-term-care services (Goda, Golberstein, and Grabowski 2011) and out-of-pocket medical expenditure (Tsai 2014) .
Previewing our results, we find that lottery winners with larger wins are more likely to choose private health services as opposed to health services from the National Health Service. The positive effect of wins on the choice of private care is driven largely by winners with medium to large winnings (win category >£500 [or US$750]; mean = £1,922.5 [US$2,893.5]; median = £1,058.2 [US$1,592.7]). There is some evidence that the effect of winnings varies by whether individuals have private health insurance. We also find weak evidence that large winners are more likely to take up private health insurance. Large winners are also more likely to drop private insurance coverage between approximately 9 and 10 months earlier than smaller winners, possibly after their winnings have been exhausted. We use our econometric estimates to calculate lottery income elasticities for a range of health-care services that are publicly and privately provided. The elasticities for public health care (relative to no care) are very small in magnitude and are not statistically distinguishable from zero; those of private health care range from 0 to 0.26 for most of the health services considered, and 0.82 for cervical smear. The elasticities with respect to lottery wins are comparable in magnitude to the elasticities of household income from fixed-effect models.
The remainder of the paper is organized as follows. In Section II, we describe the institutional context of the health system in the United Kingdom, and motivate the study of lottery wins as an exogenous source of income. This is followed by a description of the data and the estimation strategy in Section III. Section IV presents and discusses the results from the empirical analysis. In Section V, we present estimates of the implied income elasticities of health care. Finally, Section VI concludes with a discussion of the key findings in the paper.
II. Background
In 2015, the United Kingdom spent about 8.5 percent of its GDP on health, slightly lower than the OECD average of 8.9 percent (OECD 2015) . The health service is the responsibility of each of the devolved administrations in Scotland, Wales, and Northern Ireland alongside England. Public health care is provided by a state monopoly provider, the National Health Service (NHS), which is tax funded, and patients do not face prices except co-payments for medicines. For primary care, each General Practice (GP) has a geographical boundary (or catchment area) from which they register and see patients, and the NHS contracts directly with those practices. The latter serves as a gatekeeper to elective hospital care.
Over the last decade, reforms have been geared toward expanding the role of private providers in delivering health-care services that are also funded by the NHS (Arora et al. 2013) . The main source of revenue for private health-care providers is privately insured patients. Emergency care, however, remains almost exclusively the preserve of the NHS. Although the system is primarily public, there has always existed private provision of hospital and other health services. In contrast, the provision of dental and eye care has had a much larger involvement by the private sector, as the NHS involvement in these services is limited to certain groups with special needs, including children, students, and individuals with low income. Although dental care is provided under the NHS, free dental checkups are restricted as above, and user fees have risen over time.
From 2006 to 2012, roughly 11-12.5 percent of the UK population had voluntary private health or medical insurance (PHI) (Arora et al. 2013) . PHI serves as a supplementary health insurance to entitlements under the NHS. It allows individuals to avoid waiting times and waiting lists for nonurgent medical conditions and to obtain amenities not offered by the NHS such as one's choice of treating doctor or consultant. PHI also pays for certain types of nonessential care (e.g., health screenings, psycho-and physiotherapy, cosmetic surgery) not available through the NHS. PHI policies can be purchased directly by individuals, or as a benefit through employers, which is the most common way in which individuals have PHI (Arora et al. 2013) . Premiums cost approximately £375-488 per year for a middle-aged person, and £700-1,650 (US$1,050-2,475) per year for a family, depending on generosity of coverage (e.g., benefits, excess). Coverage includes private inpatient and outpatient care, and it can include dental health-care treatment.
A. LO T T E R Y W I N S A S E X O G E N O U S I N C O M E
How does household consumption respond to transitory income such as lottery windfall? According to the Permanent Income Hypothesis (PIH), a person's consumption at a point in time is determined not just by their current income but also by their expected income over the lifetime (Friedman 1957; Hall 1978) . More specifically, the PIH predicts that changes in a person's permanent income (e.g., projected lifetime earnings) rather than changes in temporary income (e.g., lottery wins) are what drive changes in a consumer's patterns. What this means is that, assuming that an economic agent is forward looking and knows that an unanticipated positive income shock is not long lasting (i.e., mean reverting), consumption is insensitive to the transitory income shock, while savings respond almost one-to-one to the unanticipated temporary income increase. In other words, the PIH model predicts that people are more likely to save the majority of their unanticipated positive transitory income shock for a "rainy day. "
In contrast, psychologists and behavioral economists have argued that Friedman's assumption of economic agents being forward looking in their responses to transitory income shocks may be too strong. For example, according to Laibson (1997) , people are not forward looking but rather have preferences that are time-inconsistent. In the case of transitory positive income shocks, what this means is that people will prefer instant gratification from an unexpected rise in income and always want to put off savings into the future.
Empirical evidence on how a person's consumption responds to an unanticipated positive transitory income shock is scarce. In a seminal study on the effect of lottery prize on labor supply, savings, and consumption by Imbens, Rubin, and Sacerdote (2001) , the authors find that there is a small but highly significant positive effect of lottery prize on durable good purchases such as cars and housing. Excluding nonwinners and the big winners (>$100,000) from the sample, Imbens, Rubin, and Sacerdote (2001) find the marginal propensity to consume on cars is around 0.014, meaning that out of the total amount won 1.4 percent is spent on cars. On the other hand, they find that out of the total amount won a higher amount of 15.8 percent is saved by the winner, which is consistent with the PIH model. More recently, Kuhn et al. (2011) show using the Dutch Postcode Lottery that winners tend to spend a significant proportion of their winnings on cars and other durables such as interior and exterior home renovations. However, they do not find a significant effect of winning the postcode lottery on most other components of consumption, including food at home, transportation, and total monthly outlays. According to Browning and Crossley (2009) , an increase in the consumption of durables is consistent with the liquidity-constrained version of the PIH model in which households adjust the timing of durable purchases to smooth consumption over the life cycle.
For individuals with liquidity and borrowing constraints, a transitory positive income shock has been shown to increase not only their propensity to save, but also their propensity to invest. For example, Blanchflower and Oswald (1998) show that the probability of self-employment depends positively and statistically significantly upon whether the individual ever received an inheritance or gift. Focusing specifically on lottery winnings, Lindh and Ohlsson (1996) use Swedish microdata to show that the probability of selfemployment increases significantly with the size of lottery prize. A similar lottery effect on self-employment is also obtained using the British Household Panel Survey data (Georgellis, Sessions, and Tsitsianis 2005) .
Given that lottery wins raise the probability of entering into a long-term investment (e.g., becoming an entrepreneur) for individuals with liquidity constraints, it seems natural to ask whether lottery winners are also more likely than others to invest more in human capital, such as education and health, that have long-run payoffs over the life cycle. There is little empirical research in this area. One exception is the work by Lindahl (2005) . Using the Swedish microdata, he shows that an increase in income through lottery winnings has a small but significant protective effect on winners' health; a 10 percent increase in exogenous income is likely to generate 0.01-0.02 standard deviations of better health and life expectancy by five to eight weeks. Gardner and Oswald (2007) show using longitudinal data for the United Kingdom that winners of medium-sized lottery prizes between £1,000 and £120,000 (or approximately US$165,000 today) go on to report a significant improvement in their mental health two years after winning.
Using the same data set as Gardner and Oswald (2007) , a study by Apouey and Clark (2015) finds that although there is a marked improvement in winners' mental health, lottery prize appears to have a statistically insignificant effect on their self-rated health. They explain this paradoxical finding by showing that lottery prize is associated positively with smoking and social drinking, which may have a negative effect on self-rated health but a positive effect on mental health via social interactions. But currently the economics literature is small and the extent of a protective effect of lottery winnings on health-related outcomes is imperfectly understood.
III. Data and Methods

A. D ATA
The main data source used in the analysis is the BHPS, which is a nationally representative random sample of households, containing over 25,000 unique adult individuals. The survey was conducted between September and Christmas of each year from 1991 to 2008 (see Taylor et al. 2010) . Respondents are interviewed in successive waves; households who move to a new residence are interviewed at their new location; if an individual splits off from the original household, the adult members of their new household are also interviewed. Children are interviewed once they reach 11 years old. The sample has remained representative of the British population since the early 1990s.
We study the use of health-care services of a panel of lottery winners in the BHPS. Data on lottery wins were collected for the first time in 1997 and are available for 12 waves (Waves 7-18). In the survey, respondents were asked to state whether they received windfall income from lottery wins and the amount of winnings. The actual questions in the survey are as follows: (1) "Have you received any lump sum payments from wins on football pools, national lottery, or other form of gambling?" (2) "About how much in total did you receive?" 2 In Britain, the ratio of lottery players to those who play the football pools is approximately 50 to 1, hence winnings would overwhelmingly be represented by lottery wins. 3 In the 1990s, the National Lottery was drawn every Saturday. Each ticket costs £1, and one would need to be 16 years or over to purchase one. Players buy tickets with their choice of six different numbers between 1 and 59, and prizes are awarded based on the number of matched numbers. 2 Details on the questions are available at https://www.iser.essex.ac.uk/bhps/documentation/volb/indexes /subjcat14.html#Incomes: Windfalls, accessed 17 October 2017. 3 Around 600,000 a week play the pools whereas 30 million per week play the lottery. See, for example, http://www.bestfreebets.org/betting-articles/football-pools-explained.html, accessed May 25, 2016. 4 For example, matching three out of six numbers will win you £25, four numbers = estimated £100, five numbers = estimated £1,000, five numbers + bonus ball = estimated £50,000, and six numbers = jackpot. We focus on all lottery winners at the year of winning the lottery. The complete case sample for analysis consists of 14,205 observations (6,520 individuals). Of those, 94.8 percent are small wins (£1-499), and 5.2 percent are medium to large wins (£500+). The average real lottery win (adjusted to consumer price index in 2000) is £157 (or US$236).
TA B L E 1 . Proportion using health-care services and the choice of private (non-NHS) versus NHS service conditional on use
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Many individuals won the lottery more than once in our panel. For example, from 1997, the average number of "years of winning the lottery" for the same person is 2.17, with a standard deviation of approximately 1.8 years. This implies that there are likely to be some individuals who play repeatedly.
Data on health service utilization have been collected in the BHPS since 1991 (Wave 1). In each year of the survey, individuals were asked whether they had been admitted into the hospital as an inpatient and whether they had health checkups. The recall period is the 1st of September of the preceding year. The list of health checkups includes checks for blood pressure, chest x-ray, cholesterol, dental care, eye test, and for females, breast exam and cervical smear. Individuals who reported having been hospitalized, or having had checkups, were asked whether these were obtained through the National Health Service (NHS), the private sector, or both. For the purpose of analyzing the public or private type of the health service use, we combine the responses that indicate "use of private sector" and "use of both private and public sectors" into one category.
A summary of the proportion of individuals who have used health care, and the proportion that chose private (non-NHS) services conditional on having used health care is shown in Table 1 . For example, 65 percent of lottery winners reported having used dental care, 9.3 percent had an overnight hospitalization, and 26 percent of all females received a cervical smear. Of those who had dental treatment, 29 percent obtained care from private providers; 8.3 percent of individuals who were hospitalized chose private hospital care.
The remaining explanatory variables that were used in the study can be classified into the following categories: demographic and socioeconomic characteristics (e.g., age, gender, education), household income, measures of health status (self-assessed health, presence of health problems), and metropolitan region identifiers. Of particular interest is whether individuals have PHI. Respondents who are covered by the insurance in their own name (as opposed to through a family member) were asked whether the coverage had been paid for directly, deducted from wages, or paid by an employer. In our sample of lottery winners, 19.7 percent have PHI.
To assess whether lottery winners are representative of the general population in the United Kingdom, we examine the extent to which winners and nonwinners differ in terms of their health-care utilization, key socioeconomic characteristics, and health status. These are shown in Table A1 in the Online Appendix (http://www.mitpressjournals.org /doi/suppl/10.1162/ajhe_a_00092). Winners and nonwinners are, on the whole, similar in the probability of using health-care services except for female winners who are more likely to obtain a breast exam and cervical smear compared with nonwinners. 6 Winners are more likely to have chosen private health care for most services; this is explained in part by higher PHI ownership (19.7 versus 14.8 percent) and winners having slightly higher real annual household income (difference of US$1,370). Lottery winners are also more likely to be male and report having certain health problems. Both winners and nonwinners are on the whole similar in terms of their age, and are equally likely to report being in excellent or good health.
The differences in the characteristics of winners by winning category for a key subset of explanatory variables are shown in Table A2 in the Online Appendix. Comparing medium (£100-500) with small winners (<£100), medium winners are younger, more likely to be male, be in paid employment or self-employed and less likely to be retired (not shown in table), have higher household income, and are more likely to have PHI and be in excellent health. Comparing large (>£500) with medium winners, large winners are older, are more likely to be self-employed and less likely to be in paid employment, have slightly lower household income, and are more likely to have PHI. Both medium and large winners are similar in gender and in their health status.
In the analysis of the effect of lottery wins on health-care use, it would be desirable to control for any unobserved heterogeneity in participating in the National Lottery. A key reason why we focus on lottery winners at the year of winning is because the BHPS does not contain information about the number of times (if any) the individual has played the lottery. Hence, we cannot distinguish nonplayers from unsuccessful players. 7 Nevertheless, in Britain, as opposed to a number of other countries, many people play lotteries; a recent survey-based estimate by Wardle et al. (2007) places the proportion of lottery players at two-thirds of the British adult population, with 57 percent playing the National Lottery (and almost 60 percent of these playing at least once a week). This explains why there is a considerable number of repeated lottery winners in the BHPS data compared with any other nationally representative data set.
B. E C O N O M E T R I C S T R AT E G Y
We model the utilization of health care by using a two-part model that has been extensively used in the empirical analysis on the demand for health care. The first part is a binary outcome model that distinguishes between users and nonusers of a given health-care service. The second part is a separate binary outcome model that describes the distinction between users of private (non-NHS) health care versus NHS health care, conditional on being a user. The model is specified as follows:
where y it represents the health-care utilization measure; w it denotes the amount of lottery winnings; x it represents a vector of covariates; and β and δ are coefficients to be estimated.
In our primary analysis of lottery wins and health-care use, we focus on lottery winners at the year of the survey instead of winners and nonwinners to minimize the presence of unobserved heterogeneity that influences both the decision to participate in lotteries and health-care behaviors. However, this strategy does not account for potential unobserved heterogeneity among lottery winners, which may arise if large winners play more lotteries, and if the difference in playing behavior is systematically related to the intensity of health-care use. For example, some individuals may have an inherent characteristic that leads them to spend an invariably large proportion of their income on lottery tickets every week, and are therefore more likely to accumulate higher windfalls within the 12-month period than others. This is manifested in the model where the individual-specific effect, α i , is correlated with covariates w it and x . To eliminate this effect, we apply "within" transformation to equation 1, which yields
where tilde denotes deviation from the sample averages. Equation 2 is commonly referred to as the fixed-effects "within" estimator.
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In a secondary analysis, we investigate whether lottery wins are systematically related to individuals' propensity to take up PHI using the sample of lottery winners. We regress PHI status on various configurations of lottery wins among winners at the year of winning, namely large wins or "Wins >£500, " and lottery win categories ("<£100, " "£100-250, " "£250-500, " ">£500"). We expect that the decision to purchase medical insurance is influenced by both observed characteristics (e.g., age, health status) and unobserved characteristics (e.g., risk aversion), and the latter aspect needs to be accommodated in the econometric modeling. As a result we estimate a model of insurance status among the sample of winners using "within" estimation. This estimates the within-individual variation in PHI status, and has the interpretation of a change in insurance status. Given that we use a fixed-effects model, both winning and taking up PHI would have occurred within the same 12-month period.
As an auxiliary analysis we also examine whether lottery winners who take up PHI drop their insurance coverage more quickly. We discuss the findings of our econometric analyses in Section IV below.
IV. Results
A. E F F E C T O F LO T T E R Y W I N S O N U T I L I Z AT I O N A N D P R I VAT E V E R S U S N H S C A R E
The parameter estimates of lottery wins on whether lottery winners used health services in a given year and whether users of health services chose to obtain private (non-NHS) or NHS services are presented in Table 2 . The estimates are interpreted as percentage point changes in health service use and/or private versus NHS type for a 10 percent increase in lottery wins. We consider how our estimates on lottery winnings vary for different specifications of household income, which is added as a control variable, along with an extensive set of covariates described in Section III. The different specifications are household income net winnings, lagged household income, and when household income is omitted from the regression. We also consider a specification with lottery winnings as the only regressor without other covariates. The results in Table 2 indicate that lottery wins have little to no effect on the utilization of health-care services. This is observed from columns 1, 3, and 5, where most of the estimates are not statistically significant from zero. These results indicate that winners with larger lottery wins are not more likely to use health services. Moving on to the effect of lottery wins and the choice between private versus NHS care (columns 2, 4, and 6), the results indicate that the probability of choosing private care is higher for individuals with larger wins. This is the case for health services such as dental care, blood pressure check, and cervical smear, where the estimates are statistically significant at conventional levels. For instance, a 10 percent increase in winnings increases the probability of obtaining a private dental service by 6.5-8.5 percentage points (from a mean of 29.4 percent), and increases the probability of a private blood pressure examination by 5.7-6.9 percentage points (from a mean of 6.7 percent). Comparing across columns, the estimates demonstrate considerable stability for different specifications of household income, and with and without other covariates.
We consider a different approach in which lottery wins enter the regression as separate dummy variables representing four win categories, with the reference category being a win of less than £100 (Table 3 ). The coefficients on the variable for the largest win category (>£500; mean = £1,922.5, median = £1,058.2) in the regression on private and public choice are large and statistically significant for blood pressure and cholesterol checks, and cervical smear. For these services, these results show that the positive effect of wins on the choice of private care is influenced to a great extent by winners with medium to large winnings. For health services such as dental care and breast exam, the effects of lottery
TA B L E 2 .
Estimates of lottery winnings on whether health service used, and the choice of private versus NHS service for different specifications of household income wins arise from smaller wins of £100-250. We also observe that the estimates on smaller wins of £100-250 are statistically significant in the utilization of any health-care services for cervical smear, eye test, and overnight hospital care. Our findings are to be treated with caution as the analysis involves making multiple hypotheses, and hence appropriate corrections should be applied to take this into account. There are several methods used to address this issue; the most conservative approach is the Bonferroni correction, which involves testing each individual hypothesis at a significance level of one-eighth of the conventional level (given the eight different types of health services). For instance, hypothesis testing with an α value of 0.10, with Bonferroni correction, will involve testing at α = 0.10/8 = 0.0125. When Bonferroni correction is applied, none of the estimates in Tables 2 and 3 are statistically significant, as well as those in Table 4 , which we discuss below. As a sensitivity check to the above analyses, we estimate the regressions reported in Table 2 using random-effects estimation. 9 We observed that the probability of choosing private care is higher for individuals with larger wins for both inpatient care (overnight hospital) as well as outpatient care (e.g., dental, blood pressure). As noted in Table 2 , when time-fixed unobserved characteristics of individuals are accounted for in the fixed-effects specification, the effect of lottery wins for the choice of private overnight hospitalization becomes small and insignificant from zero, but this is not the case for outpatient care. This indicates the importance of time-invariant individual heterogeneity in influencing the choice of private hospital care, which appears to play a smaller role for outpatient health services such as dental care or cervical smear. One plausible explanation may be individuals' risk aversion toward private hospital expenditure, which is larger and more uncertain than the cost of private health care in an outpatient setting.
TA B L E 4 . Estimates of lottery winnings on the choice of private versus NHS care by insurance status
B. LO T T E R Y W I N S , P R I VAT E M E D I C A L I N S U R A N C E , A N D T H E C H O I C E O F P R I VAT E V E R S U S N H S C A R E
The effect of windfall income on health-care behaviors is expected to differ depending on whether individuals have PHI. We investigate the effect of lottery wins on the choice between private and public health care by reestimating the fixed-effects regression in Table 2 , separating the sample into individuals with and without PHI. As it is possible that winners may take up PHI after winning the lottery, we distinguish individuals based on their insurance status in the first year of winning. 10 We focus on the choice between private and NHS care because lottery wins have little effect on the utilization of health services, consistent with the findings in Table 2 .
There is some evidence that the effect of winnings vary by whether individuals have private health insurance. The estimates of lottery wins on the choice of public and private care by PHI status are shown in Table 4 . For privately insured individuals, the results indicate that the larger the lottery wins, the higher the probability of individuals choosing private care for dental care. One mechanism underlying this result may be that lottery winners are using their winnings to pay the associated co-payments, or the private expenses directly if their PHI contracts do not cover these services. On hospital care, the estimate of lottery wins on private overnight hospitalization is not statistically significant. This result is not unexpected for privately insured individuals given that expenditure on private hospital care is covered under PHI contracts, although the generosity of individual contracts may vary.
For individuals without PHI, the estimates indicate that lottery winners with larger wins are more likely to obtain a private cervical smear. We also further consider whether health-care behaviors differ by income in that those without insurance are more likely to self-fund private health services than those with lower income. We do so by separating the nonprivately insured sample into two groups, namely individuals with above-median and below-median incomes. The estimates from both groups are not statistically significant from zero.
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C. T E S T S F O R E X O G E N E I T Y O F LO T T E R Y W I N S
Our study's identification relies on the assumption that the within-individual variation in lottery winnings, in a sample of lottery winners, is exogenous. We conduct a series of checks to assess the validity of this assumption. These are similar to the tests performed by Lindahl (2005) . In a first set of tests, we use a sample of both winners and nonwinners to separately estimate two models where we regress a binary indicator of whether individuals won a lottery (at time t) on a lagged (at t − 1) lottery win indicator and lagged log winnings, and the usual set of covariates. If there are temporal correlations in lottery wins, we would expect that individuals who win this year will be more likely to win a lottery in the following year. In a second test, we use the sample of winners and regress log winnings (at 10 We also considered identifying insured and noninsured subsamples using individuals' insurance status in the period before their first win. Doing so, however, resulted in a significant number of missing observations, as many lottery winners had reported winning the lottery in the first year of filling in the survey. 11 These results are available from the authors upon request. time t) on lagged log winnings. Again, we test the hypothesis that winners of larger wins are more likely to have larger wins in the future.
The results of these tests are presented in Table A3 in the Online Appendix. Columns 1 to 4 show the estimates of lagged lottery wins and log winnings on the probability that an individual wins the lottery. The ordinary least squares (OLS) estimates in columns 1 and 3 are positive and statistically significant, suggesting that winners in the last year or winners with larger wins are more likely to win in the next year. This positive temporal correlation in lottery wins could be explained by differences in playing behavior, in that winners are more likely to win if, for instance, they buy more lottery tickets. Controlling for individual fixed effects, the estimates become negative and remain statistically significant, indicating that individuals who win the lottery this year are less likely to win in the next year. This result suggests the presence of mean-reversion in the within-person likelihood of lottery wins, and supports the notion that the lottery wins we examine in this paper are random, and not serially correlated across waves. The estimates of lagged log winnings on current winnings in the sample of lottery winners are shown in columns 5 and 6 of Online Appendix Table A3 . The results are similar to those discussed above, and the fixedeffects estimate indicates that individuals with larger wins are more likely to have smaller winnings in the future.
It may be argued that the negative relationship between lagged and contemporaneous winnings is mechanical in a fixed-effects model and may not fully demonstrate the exogeneity of lottery winnings. We further run two sets of tests. Using the sample of lottery winners, we test whether the characteristics of winners explain the size of winnings by regressing log winnings at time t + 1 on the full set of winners' characteristics at time t. We estimate two separate regressions, using OLS and fixed-effects estimation. The results are shown in Table A4 in the Online Appendix. For the OLS estimates, the size of lottery winnings are strongly predicted by age, educational attainment, household income, and employment status. Accounting for individual fixed effects, most of the characteristics do not have an effect on lottery wins except for being unemployed and having diabetes and anxiety/depression, which are weakly significant. The estimates on household income in the fixed-effects model is also not statistically significant, suggesting that individuals with higher household income do not have larger lottery winnings, perhaps by buying more lottery tickets.
In a separate test we regress using fixed-effects estimation log winnings at t + 1 on each health-care use and private-NHS indicator variable individually, without controlling for any covariates. If the size of lottery winnings is exogenous, we should not expect that individuals' health-care behaviors at t would explain winnings at t + 1, even when lottery winnings were to be found to influence health-care use. The estimates of the tests are shown in Online Appendix Tables A5 and A6 . Individuals' use of health-care has no impact on the amount of lottery winnings for most health services, except for dental care (negatively related with winnings) and breast exam (positively related with winnings), which are both weakly significant. For all types of health services, individuals' choices of private versus NHS care have no impact on lottery winnings, although as discussed earlier in Section IVA, we find that winners with larger wins are more likely to obtain private care for blood pressure checks, dental care, and cervical smear. Jointly the series of tests detailed above provide a comprehensive investigation on the random nature of lottery wins. The results appear to support the assumption that the size of lottery winnings among lottery players is exogenously determined when individuals' unobserved characteristics have been accounted for in the estimation using fixed effects.
TA B L E 5 . Private health insurance status and lottery wins by insurance types
D. LO T T E R Y W I N S A N D P R I VAT E M E D I C A L I N S U R A N C E
A potential mechanism by which lotteries may influence health-care demand is if lottery wins are systematically related to individuals' propensity to have PHI or to switch into PHI. To investigate this more formally, we regress PHI status on lottery wins categories using fixed-effects estimation on the sample of lottery winners (Table 5) .
Our results show that individuals with large wins (>£500) are 2.2 percent more likely to have PHI of all types compared with those with smaller wins, although this effect is weakly significant in a statistical sense (p-value = 0.102). Our results are based on withinindividual variation in PHI status and hence based on our sample of winners; winners with large wins are more likely to take up PHI.
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12 We also perform the same set of analyses using a sample of individuals who have won the lottery at least once in the panel, that is, "ever winners. " The reference category consists of individuals who have won the lottery at least once in the panel and are nonwinners in a given year. The results from the "ever winners" are qualitatively similar to those of winners, and are shown in the Online Appendix (Tables A7 and A8 .)
E. D O LO T T E R Y W I N N E R S D R O P P R I VAT E M E D I C A L I N S U R A N C E M O R E Q U I C K LY ?
We consider the question of whether lottery winners who take up insurance coverage subsequently drop coverage more quickly, and we investigate this by examining the relationship between lottery wins and the duration of insurance coverage. The principal outcome of interest is length of time (in years) that individuals maintain PHI from the year of insurance coverage commencement. Our sample consists of lottery winners who are observed to have taken up PHI at the year of winning the lottery. We accommodate the right censoring of the outcome variable by including a variable that measures the number of years that individuals remain in the sample, in addition to an extensive set of covariates as in Table 2 . The results of the regression analysis are presented in Table 6 . Those shown in columns 1-4 indicate that of individuals with any type of private insurance coverage (employer, direct payment, as a deduction from wages), lottery winners winning more than £500 maintain coverage for a significantly shorter duration of time than nonwinners and smaller winners. More specifically, large lottery winners drop private insurance coverage between approximately 9 and 10 months earlier, possibly after their winnings have been exhausted. The same result is observed for individuals who pay for their insurance directly or through deduction from wages (columns 5-8).
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V. Implied Elasticities of Health Care
One objective of the study is to derive estimates of lottery income elasticity of health care. To this end, we first estimate fixed-effects regressions where the dependent variables are binary and assume the value of one if an individual obtained public and private care and zero if the individual did not obtain care for a given service. The estimates are then used to calculate the implied elasticities of public and private health care versus no care with respect to lottery wins.
The elasticity estimates of lottery wins are shown in columns 1 and 3 of Table 7 for public and private health care, respectively. For public care versus not using health care, the magnitudes of the estimated elasticities are very close to zero, and are not statistically significant for all the health services considered. In contrast, for private care versus not using health care, the elasticities range from 0 to 0.26 for most health services and 0.82 for a private cervical smear. The elasticities for private overnight hospitalization, chest X-ray, cholesterol test, and cervical smear are statistically significant from zero. For example, a 1 percent increase in lottery wins raises the probability that an individual will choose private care rather than not obtain health care by 0.22 percent for an overnight hospitalization episode and by 0.82 percent for a private cervical smear.
TA B L E 6 .
Lottery wins and length of time individuals maintain private medical insurance coverage For comparison, the elasticity estimates with respect to household income for the whole sample consisting of winners and nonwinners using fixed-effects regression are presented in Table 7 . For public versus not obtaining care (columns 1 and 2), the elasticity estimates are positive for most outpatient services except dental care and negative for overnight hospitalization. For some health services (e.g., hospital, blood pressure), the estimates are statistically significant from zero. For private care versus no care, the elasticities are broadly positive and large in magnitude. On the whole, the income elasticities appear to be similar in magnitude and direction to the elasticity of lottery wins, particularly for blood pressure, cholesterol test, eye test, and cervical smear. For all types of health services considered in this study, our elasticity estimates indicate that these health-care services are normal goods as opposed to luxury goods.
A. I N H E R I TA N C E I N C O M E
As an additional analysis, we estimate the implied income elasticities on health care with respect to inheritance or bequest income by using a sample of over 3,100 individuals who have reported receiving these types of windfall incomes (Online Appendix Table A9 ). The magnitude of the income elasticities for public health care versus no care lies in the range of 0-0.04, and they are statistically insignificant from zero except for cervical smear. These results are consistent with the elasticity estimates obtained from lottery winnings, as shown in Table 7 .
For private health care, the estimated elasticities are larger in magnitude (0.06-0.77) than those from public health care and are statistically significant for dental and eye examination services. Although there are some differences (e.g., chest x-ray, cervical) in the sizes of the elasticities compared with lottery wins, the estimates are generally consistent in both direction and magnitude.
VI. Discussion
This study exploits lottery wins as a source of exogenous changes in individuals' income to obtain causal estimates of lottery income elasticities for health care. We examined a longitudinal sample of over 14,000 lottery winners in the United Kingdom to investigate the impact of lottery wins on health-care demand for a range of health-care services in an institutional context in which health care is provided in both public and private sectors. The results show that, although lottery wins have little to no effect on the probability that individuals use health-care services, lottery winners with relatively large wins are significantly more likely to choose health care from the private sector than from the public sector. We find strong evidence supporting this behavior for health services such as dental care, blood pressure checks, and cervical smear. These are areas where there is less NHS involvement, and where there are larger barriers to access among lower-income groups.
The results also show that the effects of lottery wins differ depending on whether individuals have PHI. For individuals with PHI, larger winners are more likely to obtain private care for dental care, suggesting that winners are using their winnings to afford the associated co-payments that are not covered under their PHI contracts. This result further strengthens the "access motive" to private health care of having PHI. For individuals without PHI, those with larger wins are more likely to obtain a private cervical smear.
We find that income shocks do not affect access to public NHS care, which is provided free of charge. While income does not act as a rationing mechanism in the context of the United Kingdom, it may affect access to care by influencing the opportunity cost of waiting, and hence changing the valuation of private health-care alternatives to NHS care. On the contrary, the demand for private health care responds positively to income-we obtained implied income elasticities that are in the range of 0-0.26 for most of the health services considered, and 0.82 for cervical smear. We also find that the fixed-effects estimates of household income elasticities are comparable to those from lottery income: they lie in the range of 0.03-0.15, and 0.51 for cervical examinations.
Our study's estimates improve upon estimates of income effects on health care that are based on measures of earned income. Such measures may be confounded, for instance, by the effect of education on health, given that earned income is a return on education. Lottery wins provide variation in income that is plausibly independent of education, allowing for the identification of true income effects. It is conceivable that studies using earned income may arrive at income elasticity estimates that are biased upwards, as this effect is expected to include returns on education and higher investments in health capital among higher-income individuals. While a fair comparison of our estimates to those of studies using earned income is difficult (e.g., differences in institutional contexts; types of health-care services), there appears to be some support for this conjecture. Our elasticity estimates are smaller in magnitude compared with those reviewed in a recent meta-analysis by Costa-Font, Gemmill, and Rubert (2011) , which finds income elasticity estimates ranging between 0.4 and 0.8. Our estimates are somewhat similar to those in two US studies. The income elasticity from the RAND Health Insurance Experiment in the 1970s, in which families are randomized into insurance plans with different levels of cost sharing, is about 0.1 (Newhouse and Rand Corporation Insurance Experiment Group 1993) . Kenkel (1994) finds an income elasticity of preventive care (breast examination, pap test) of 0.06.
A major criticism of lottery studies is the question of external validity-the extent to which we can generalize the findings from our sample of lottery winners to the British population. The first aspect is the representativeness of our sample of winners. We mentioned earlier that up to two-thirds of the British adult population play the lottery. We also find that winners and nonwinners are, on the whole, similar on many dimensions except that winners are more likely to be male, have PHI, and have slightly higher household income. The second aspect is whether the sizes of lottery winnings that we analyze are large enough to invoke a response in individuals' health-care consumption behaviors. Our results are driven predominantly by winners who win >£500 (mean = £1,922.5 [US$2,893.5]). By reasonable measures these would not be considered as substantial wins, although we argued earlier that winnings of this magnitude are more than sufficient to pay for some private health-care services (e.g. specialist, dental visits) and PHI premiums.
Particular mention should be made of recent work-done independently of our ownby Cesarini et al. (2016) . In their paper, the authors analyzed prizes in Swedish lotteries that are considerably larger than ours and of previous studies-prizes of magnitude that create variation in wealth comparable to wealth shocks that one would expect from major changes in real estate and capital income taxes. The study finds that wealth shocks have no effect on hospitalizations and drug prescriptions as well as mortality. Their findings on health-care utilization is broadly consistent with ours, although the study does not differentiate between private and public health care. The distinction between public and private care, where we find most of the effects, is crucial in the United Kingdom compared with Sweden, which has a smaller reliance on the private health sector and higher population homogeneity. Unlike Cesarini et al. (2016) , we have not examined the effects on child health, as evidence from England has shown the absence of wealth effects (Currie, Shields, and Price 2007) .
While we approximate an idealized laboratory experiment through the use of lottery winnings, it may well be the case that such a setting is not ideal for studying income or wealth effects on reoccurring expenses. As reviewed earlier there are competing theories on how household consumption responds to transitory income, and the empirical evidence on transitory income on the consumption of one-off purchases (e.g., cars, houses) versus reoccurring expenses is scant. A companion Swedish study by Cesarini et al. (2015) sheds some light on this issue. The lottery prizes analyzed in the study consist of prizes that are paid in lump sums as well as through monthly installments. The authors find that the trajectory of net wealth over time is similar for winners of the two types of lotteries. This indicates that a wealth shock is followed by a modest increase in consumption that is sustained over time regardless of whether winners receive their winnings through lump sums or installments. This paper's findings have important policy implications. Our study supports the view that health systems guided by providing "equal access for equal need" tend to exhibit patterns of health-care utilization that are not significantly influenced by income shocks. Our results are consistent with the notion that higher income does not necessarily lead to better access to publicly funded health care, and that there are limited income related inequalities in access to public care. We show, on the other hand, that the demand for health care provided by the private sector, one that exists alongside a publicly funded system, can be sensitive to income. Hence inequalities in access can be perpetuated through health-care services that are not covered by the public system. Consistent with evidence from microeconomic studies, we find income elasticities that are indicative that health care is a normal good, rather than a luxury good. From a normative perspective, this lends weight to the argument for subsidizing health services not covered by the public system, or expanding public coverage to include these services, if markets are not able to ensure patients get access to the required health services in the event of need.
Overall the implications of our findings point to the role of the public sector-through public provision of health care or publicly funded health insurance-in reducing inequalities of access to health care. This would mitigate the financial consequences of a health shock, which in some industrialized countries such as the United States still stands out as an important source of bankruptcy (or medical bankruptcy). A potential lesson for further insurance reform in developed countries is that the catalog of services covered by the public sector (e.g., Medicare and Medicaid in the United States) or public health insurance should be large. This is consistent with evidence from the United States indicating that Medicaid expansion by 10 percentage points reduced bankruptcy by 8 percent (Gross and Notowidigdo 2011) . Similarly, evidence from the Oregon experiment suggests that the expansion of Medicaid coverage nearly eliminates catastrophic out-of-pocket medical expenditures (Baicker et al. 2013) . Our results are consistent with the evidence in the United States that income stands out as a barrier to utilization, and that lowering income barriers (by extending insurance) leads to increases in the utilization of health-care services (Gold et al. 2014; Finkelstein et al. 2012) .
